Introduction: Cervical rib is a supernumerary rib springing from one of the cervical vertebrae, usually the seventh. About 1 in 200 people are born with cervical rib. About 1 in 10 people who have a cervical rib develop symptoms of thoracic outlet syndrome (TOS). Aims: The aim of this study was to identify normal and abnormal anatomy of thoracic outlet using MRI in symptomatic costoclavicular compression syndrome and to plan them for surgery thereafter. Methods: This was a prospective hospital based study. All the symptomatic cases of cervical rib syndrome admitted in the department of Cardiovascular and thoracic surgery SKIMS, Srinagar from May 2011 to May 2015 were taken up for the study. Results: A total of 40 cases of symptomatic cervical rib syndrome were reported from May 2011 to May 2015. Mean age of presentation was 26.3. The most prevalent age group was 21 -30 years (47%). Majority of patients were females (83%) with male female ratio of 1:5. 67% had bilateral cervical rib, more in females (72%) than males (40%). 97% had neurogenic thoracic outlet syndrome and 3% had vascular thoracic outlet syndrome. 35% of cases with neurogenic thoracic outlet syndrome had subclavian artery compression on MR Angio of thoracic outlet after subjecting them to postural maneuvers. All the patients with subclavian artery compression were subjected to surgery. Conclusion: Costoclavicular compression syndrome affects mainly young females. MR Angio is complementary in finding vascular compression in cases presenting mainly with neurogenic symptoms of thoracic outlet syndrome.
Introduction
A cervical rib is a supernumerary rib, springing from one of the cervical vertebrae, usually the seventh, rarely the sixth and very rarely the fifth. Galen and Vesalius were the first to describe cervical rib in detail. Cervical ribs are normal in crocodiles. Man has normally twelve pairs of ribs. About 1 in 200 people are born with a cervical rib. About 1 in 10 people who have a cervical rib develop thoracic outlet syndrome [1] . The majority of patients with thoracic outlet syndrome (TOS) fall under symptomatic thoracic outlet syndrome (sTOS) classification [2] . True neurogenic TOS (NTOS) accounts for 1% of neurogenic cases [3] . Symptoms are much more common in women than men. NTOS is found in 90% to 97% of cases. Vascular thoracic outlet syndrome accounts for 5% to 10% of all cases of TOS. Most frequent symptoms are coldness, pallor, weakness, early fatigue, pain in upper extremity, swelling of arm and hands and spontaneous rupture of venes in hands and fingers may also occur. Postural vertigo and balance difficulties occur frequently in many TOS cases. Most are affected with recurrent pain that may become permanent or get worse when the arms are elevated. Motor deficit occurs much latter and manifests itself by progressive reduction in strength and muscle atrophy, especially in thenar eminence and in very advanced cases, also in forearm. The diagnosis of TOS is essentially based on history and clinical examination. X ray cervical spine, CT, MRI of the thoracic outlet are useful diagnostic examinations. To analyse radiological investigations for studying anatomy of thoracic outlet in symptomatic cases of thoracic outlet syndrome provides the basis for this study.
Aims
The aim of the present study is to identify normal and abnormal anatomy of thoracic outlet using MRI in symptomatic cases of cervical rib syndrome.
Methods
We analyzed all the patients of symptomatic costoclavicular compression syndrome admitted in the department of cardiovascular and thoracic surgery SKIMS, Srinagar during 4 consecutive years from May 2011 to May 2015. Diagnosis was based on results of clinical evaluation using various dynamic maneuvers and special investigations like x ray cervical spine (AP view), MRI thoracic outlet. While subjecting to MR Angio, 0.6 mm thick slices were taken and three dimensional reconstructions were also done. Images were obtained using pressure injector and automated trigger. During arterial phase 100 ml of non-ionic contrast (Iohexol) was injected through intravenous cannula of appropriate size (pressure injector and Iohexol was provided by the institution where the study was conducted). After identifying the cause of compression over costoclavicular tunnel, patients were subjected to surgery under general anesthesia. The patients were put in right/left lateral position with shoulder abducted, elbow flexed at 90 degrees and arm rested along the side stand provided with soft cushion. Through the hair line incision, first rib was excised from its anterior end including its periosteum towards the posterior end till its maximum part was removed taking care of axillary contents. This was followed by excision of scalene muscles and costoclavicular ligament. Finally soft and hard part of cervical rib was excised. Wound was closed over suction drain.
Stastistical method: Data is described as mean and percentages. SPSS and Microsoft Excel Software were used for data analysis
Results
It was observed that majority of the patients were females (83%). 17% patients were males with male to female ratio of 1:5. Most of the patients were in the age group 21 to 30 years (47%) with mean age of 26 years. Mean age for males was 30 and that for females 26. Main symptom of presentation was paresthesia in 70% patients. Second most common symptom was pain in 63%. On clinical examination, weakness was present in 32% mainly affecting fingers (57%), loss of sensation to touch/pain in 32% mainly affecting little finger and ulnar aspect of hand (42%), atrophy in 30% mainly affecting thenar eminence (60%), gangrene and cyanosis of fingers was present in 3%, supraclavicular mass in 3%, ptosis in 3% and miosis in 7%. After subjecting to provocation test, upper limb tension test was positive in 93%, Adson's test in 73%, hyper abduction test in 23% patients. 67% patients had bilateral cervical rib on x ray cervical spine (AP view) followed by left cervical rib in 20%, right cervical rib in 10%. Elongated C7 transverse process was found in 3% patients. Most common electrophysiological abnormality was deranged ulner nerve conduction velocity. 36% patients had subclavian artery compression on MR Angio of thoracic outlet, 21% had right subclavian artery compression and 79% left subclavian artery compression ( Table 1, Table 2 ).
Discussion
A cervical rib is a supernumerary rib springing from one of the cervical vertebrae, usually the seventh. Galen and Vesalius were the first to describe a cervical rib in detail. Cervical ribs are normal in crocodiles. Man has normally twelve pairs of ribs. About 1 in 200 people are born with a cervical rib. About 1 in 10 people who have a cervical rib develop TOS [1] . TOS is a clinical phenomenon resulting from compression of neurovascular structures at the superior aperture of thorax presenting with varying symptoms. The reported incidence of TOS in the general population is approximately 0.3% to 0.7% [2] [3] . The affected typically range 25 to 40 years (mean 34.6) and a higher incidence (4:1) has been reported in females [3] [4] .
A total of 40 patients were admitted in the department of cardiovascular and thoracic surgery SKIMS, Srinagar in 4 consecutive years. The age of presentation of patients in our study ranged from 17 to 49 years with majority of patients being in the age group 21 -30 years (47%). Mean age in our patients was 26 years (mean age for males 30 years and for females 25 years). Majority of patients were females (84%). Ziyad Yaseen and Aram Baram (2007-2010) reported similar age distribution in their study [5] .
TOS is a symptom complex characterized by pain, paresthesia, weakness and discomfort in upper limbs which is aggravated by elevation of arms or by exaggerated movements of the head and neck. In our study 70% of cases presented with paresthesia affecting mainly fingers 38%. Second most common symptom was pain (63%) mainly affecting shoulders (58%) followed by arms (31.5%), neck (21%), forearm (21%) and fingers (16%). Weakness was present in 32% patients affecting mainly fingers in 57% cases followed by arm (52%), forearm (21%) and shoulder (15%). Atrophy was present in 30% cases affecting mainly thenar eminence (60%) followed by Interossei (44%) hypothenar (38%), finger (27%), forearm (27%), arm (11%) and shoulder (11% gangrene and cyanosis of fingers was present in 3% supraclavicular mass in 3%, ptosis in 3% and miosis in 7%. Loss of sensation to touch/pain was present in 32% patients affecting little finger and ulner aspect of hand in 42%, forearm in 26%, index finger in 26%, arm and thumb in 21%, middle finger and radial side of hand in 10% patients. These observations are similar to those reported in previous study by Daryll M Baker and Andrew J Lamerton [6] and Bronson S. Ray, Robert Hardy and Herbert Parson [7] . Bronson S. Ray et al. [7] reported meiosis in 7% of cases and ptosis in 2% in their study which is comparable to our study. Gangrene and cyanosis of fingers was noted in 12% cases which is higher than our study (3%). This can be explained by smaller sample size of our study. Ziyad Aram Baram (2007-2010) observed similar results in their study [8] .
Neurogenic TOS comprises over 90% of all TOS while arterial TOS (ATOS) less than 1%. Although the incidence in any one medical Centre is influenced by referral pattern, ATOS is the least common of all the types in Table 1 . Shows age and gender distribution of the studied subjects. Table 2 . Shows SCA compression on MR Angio of thoracic outlet in patients presenting with neurogenic thoracic outlet syndrome. all series [9] . In our study, 97% patients had neurogenic TOS and 3% vascular TOS. Similar results were found by Sanders R J et al. [10] in their study. Provocation tests are well described in literature [11] [12] and reproduce the physiological mechanisms that may affect the neurovascular bundles in the thoracic outlet. These tests are purported to help delineate the possible level compression of neurovascular structures in either the scalene, costoclavicular or axillary interval. The classic provocation test has been reported to be unreliable and frequently positive (up to 90%) for pulse obliteration in healthy patients [13] . Upper limb tension test was positive in 93% patients in our study. Gilroy Meyer JS [14] observed similar results in their study. Positive physical findings after upper limb tension test (ULTT) were found in 98% patients of TOS. Adson's test was positive in 73% patients in our study. Engin Ucer, Burak Sade and colleagues (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) found similar results in their study, positive Adson's test was found in 75% patients and hyper abduction test in 25% patients [15] .
Cervical rib occurs in less than 1% population and 70% are women. It is a predisposition to neurogenic TOS following neck trauma, most often whiplash injuries [16] . Symptomatic cervical rib usually produces symptoms of neurogenic TOS but a few will press against subclavian artery and result either in stenosis or aneurysm formation. In our study, 67% patients had bilateral cervical rib. Among males, 40% and females 72% had bilateral cervical rib. Right side cervical rib is more common in females as compared to males. Antima Gupta, D.P Gupta, D.P Saxena, R.P Gupta (Dec 2012) observed similar results in their study. They found that bilateral cervical rib is more common in both males and females and left side cervical rib being more common in males in comparison to right side cervical rib in females [17] .
Neuroelectrical studies are in inconsistently helpful, but may be useful in ruling out other more distal nerve entrapments [18] . In our study, most common electrophysiological abnormality was deranged sensory ulner nerve conduction velocity. Jasem Yosuf Al-Hashel et al. (2007) (2008) (2009) (2010) found similar results in their study [19] .
Clinical diagnosis is often difficult in TOS requiring the use of imaging procedure. Diagnosis is usually made by a combination of history, physical examination and one or more of diagnostic modalities. 36% patients with neurogenic TOS had subclavian artery compression on MR Angio of the thoracic outlet after postural maneuver. Hale Ersoy et al. observed similar results in their study. They found that vascular component of TOS, which presented mainly with neurogenic or indeterminate symptoms or findings, was excluded in 61% subjects [20] - [23] .
Conclusion
Neurogenic TOS represents the most common type of TOS and probably is the most detriment to the quality of life. Diagnosis of TOS is essentially based on history and clinical examination. Investigations can be helpful in confirming the suspected disgnosis. MRI is helpful in determining the presence of vascular compression and associated complications in TOS. Analysis of data from this prospective study clearly shows the importance of radiological investigations (MR Angio) in understanding the pathophysiology of TOS.
